To develop the Javanese ginger Bangle (Zingiber purpureum), which contains neurotrophic phenylbutenoid compounds named banglenes 1 and 2, as a functional food additive for protection of neurodegenerative disease, we investigated conversion method from 3 to 1 and 2 under practical conditions available in food processing steps. After several trials, we found that dimerization of 3 proceeded smoothly under refluxing EtOH/H 2 O (1/3) in the presence of ubiquinone (0.1 eq) in sealed tube, giving rise to 1 and 2 in 54% yield. When this condition was applied for 70% EtOH extract of bangle, content of 1 and 2 in the extract was increased 2-fold by 2.1%.
Bangle, the rhizome of Zingiber purpureum, is a tropical ginger widely distributed in Southeast Asia. While being used as a spice, this plant finds application in the traditional Indonesian medicine jamu. It has also been utilized to treat fever, headaches, stomach pain, rheumatism, and obesity and serves as an ingredient in postpartum herbal medicine [1] . In our previous studies, phenylbutenoid dimers named t-banglene (1) and c-banglene (2) were identified as neurotrophic principles in the MeOH extract of the rhizomes of bangle that exhibited neuritogenic activity in PC12 cells at 25 g/mL [2] . Compounds 1 and 2 were found not only to significantly induce neurite sprouting of PC12 cells, but also to increase the neurite length and number of neuritis, and to show protective activity against cell death caused by deprivation of serum in primary cultured rat cortical neurons [2] . Additionally, we found a new curcuminoid-type compound with effect on accelerating the prevention of Aβ42 aggregation [3] . As in vivo studies, it was found that chronic treatments with 1 and 2 were able to enhance hippocampal neurogenesis in dementia model OBX mice [2] . Recently, chronic treatments of bangle extract were shown to improve the spatial learning and memory deficits by enhancing hippocampal neurogenesis in the senescence-accelerated mouse prone-8 (SAMP8) mice, which is a model for the early stage of Alzheimer's disease [4] . These results suggest that bangle could be developed as a valuable food additive that may potentially protect against progress of neurodegenerative disease. In 70% aq. EtOH extract of bangle, however, neurotrophic compounds 1 and 2 content of 1.6% is not sufficient to develop the bangle extract as a functional food additive. To address this issue, we explored effective conditions to convert the monomer 3, a main component in the bangle extract, into neurotrophic compounds 1 and 2 in the course of extraction process. In this paper, we report effective conditions available in food processing steps to increase contents of 1 and 2 in 70% EtOH bangle extract.
Previously, we found that compounds 1 and 2 could be converted from the phenylbutenoid monomer 3 by Diels-Alder reaction in the presence of hydroquinone under refluxing p-xylene [5] . To apply bangle extract to the functional food, Diels-Alder reaction of 3 must be carried out under conditions available in food processing steps. In general, the solvents available for food processing are limited to EtOH and/or H 2 O and also it is necessary to make an optimal choice of additive to catalyze dimerization of 3 based on a number of reagents that are allowed to use for food processing.
First, we explored an optimal ratio of EtOH and H 2 O to drive DielsAlder reaction of phenylbutenoid monomer 3 ( Table 1) . Diels-Alder reaction of 3 in EtOH with hydroquinone at 100˚C gave a mixture of dimers 1 and 2 (1:1) in 3% yield. Interestingly, higher ratio of H 2 O in EtOH led chemical yield increase (entries 2~5), but higher ratio than 75% of H 2 O in EtOH resulted in decrease of the chemical 
yield (entry 6)
. Although all of the Diels-Alder reactions were carried out at 100˚C, the inner temperatures of the reaction depend on solvent. The previous data indicated refluxing xylene suitable for dimerization of 3. Thus increase of chemical yield is probably due to rising the inner temperature in the reaction by increase of H 2 O in EtOH. In contrast, high ratio of H 2 O would be explained to decrease conversion yield due to low solubility of compound 3.
Next, we focused on finding antioxidative reagent available in food processing steps as alternatives to hydroquinone (Table 2 ). (+)-Catechin was employed for this reaction so as to give the desired products 1 and 2 in 10% yield along with aldehyde 4 (entry 2). Changing the additives from (+)-catechin to other ones (-carotene, curcumin, vitamin B6, resveratrol, epigallocatechin, and quercetin) could not suppress the formation of aldehyde 4 (entries 3~8). After several trials, we were pleased to find that ubiquinone-10 could suppress the formation of 4 and the conversion yield was improved up to 12% (entry 9). Increasing amount of ubiquinone-10, however, could not refine chemical yield (entries 10~12). Ubiquinone-10 (0.1 eq) 12 -10
Ubiquinone-10 (1 eq) 8 -11
Ubiquinone-10 (2 eq) 3 -12
Ubiquinone-10 (10 eq) 10 -
a: determined by LC-MS
It is well known that 1-phenylbutadiene was oxidatively cleaved to aldehyde 4 under an air atmosphere [6] . The following plausible mechanism is proposed for the formation of aldehyde 4: air oxidation of 3 would led to peroxide radical a, and then cyclization of a would give rise to dioxetane intermediate b [7] , which automatically decomposes to 4 (Scheme 1). Taking consideration of this mechanism, ubiquinone-10 is thought to work as an effective radical scavenger to suppress oxidative cleavage of the diene moiety in 3.
As a general rule, Diels-Alder reaction is known to be accelerated by acid. Thus next approach was to check acidic conditions in Diels-Alder reaction of 3 to improve the chemical yield. The presence of 0.1% AcOH led to a slight increase in the yield (16%) of the desired products. Increasing amount of acid was found to have no effect on this reaction. With the afore-mentioned results in hand, dimerization of 3 was attempted under conditions such as EtOH/H 2 O (1/3) with 0.1%AcOH in the presence of ubiquinone-10 (0.1 eq) at 100˚C, giving rise to a mixture of 1 and 2 (1:1) in 16% yield. When Diels-Alder reaction of 3 was carried out in EtOH/H 2 O without acid in sealed tube at 100˚C, the reaction was greatly enhanced leading to a dramatic increase in chemical yield of desired product (entry 5). Additionally, the presence of 0.1% AcOH was more effective (entry 6), and among acids, citric acid, odorless acid, was selected as one of effective acid additives (entry 7). Finally, we applied these reaction conditions (Table 3) to 70% EtOH extract of bangle (Figure 1 ). Under neutral conditions without ubiquinone-10, the amount of 1 and 2 was increase by 22% (entry 1). On the other hand, addition of citric acid increased the content ratio of 1 up to 26% (entry 2). Finally, Diels-Alder reaction of 3 in the presence of ubiquinone-10 brought up the amount of 1 to 30% increment (entry 3) in comparison with that in 70% EtOH extract before reaction.
In conclusion, we explored effective conditions to convert the monomer 3, a main component in 70% EtOH bangle extract, into neurotrophic compounds 1 and 2 in the course of extraction procedure available in food processing steps. As results, dimerization of 3 was found to proceed smoothly in the presence of ubiquinone (0.1 eq) in EtOH/H 2 O (1/3) under mild acidic conditions in the sealed tube, affording to a mixture of 1 and 2 in 68% yield. Finally, this condition was applied to 70% EtOH extract of bangle, resulting in the increase rate of contents of 1 and 2 by 30% and improving content of 1 in 70% EtOH extract of bangle from 1.6% Extraction conditions to increase the content of neurotrophic compounds Natural Product Communications Vol. 12 (8) 2017 1289 to 2.1%. Now, we apply the optimal conditions found in this study to extract bangle in a practical scale, and our studies on bangle extracts are in progress to develop a valuable food additive for protection of neurodegenerative disease.
Experimental
General experimental procedures: Commercially available reagents, general solvents, and dry solvents were used as received. Compound 3 was isolated from 70% EtOH extract of bangle by reported procedure. Column chromatography was performed using silica gel (63-210, 45-75, and 40-50 m), 1 H NMR spectra were recorded at 300 MHz and chemical shifts are referenced to TMS (=0).
13 C NMR spectra were recorded at 125 MHz and chemical shifts are referenced to CDCl 3 (=77.03). Coupling constants (J) are quoted in hertz (Hz).
Plant material: Bangle (Zingiber purpureum) was purchased at the market of Jakarta, Indonesia in 2012, and identified by Mr. W. Tohir, the chairman of NOFA in Indonesia.
Reaction conditions: A mixture of 3 (10 mg) or 70% EtOH extract (178 mg) of bangle and additive in solvent (0.3 mL) was stirred (or in sealed tube) at 100˚C for 12 h. The reaction mixture was filtered and then added LC-MS grade MeOH (4 mL), followed by analysis for LC-MS. The yield was determined by LC-MS.
HPLC-ESI-MS analyses:
The analytical platform consisted an Agilent 1100 HPLC system equipped with an electronspray interface (ESI) and a UV detector. Compound separations were performed on a C18 column (TSKgel ODS-100V, 4.6×150 m, 5m). The mobile phase consisted of MeOH/H 2 O (70/30). Injection volume was 5 L. Detection was performed in positive ionization modes. The ESI conditions were set as follows: neblizer N 2 (50 psig), drying gas N 2 (9.0 L/min), 330˚C, vaporizer 350˚C, fragmentor 90 V, Vcap 2500 V, corona current 4.0 A. 3-(3,4-dimethoxyphenyl) 
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